Introduction
Ovarian hyperstimulation syndrome (OHSS) is a significant and potentially serious complication of ovarian stimulation in in vitro fertilization (IVF). Risk factors for OHSS include young age, low body mass index (BMI), high antral follicle count (AFC), and polycystic ovarian syndrome [1] [2] [3] . OHSS is characterized by a broad spectrum of clinical signs and symptoms, including rapid weight gain, abdominal distention, persistent nausea, and shortness of breath [4, 5] . Rare but life-threatening symptoms can include arterial and venous thromboembolism, renal failure, and acute respiratory distress syndrome [6] [7] [8] . It is difficult to assess the exact incidence of OHSS in IVF, but mild cases may occur in 20-33% of stimulated cycles, while moderate symptoms are experienced in 3-6% and severe forms in about 0.1-2% of stimulated cycles [9, 10] .
The pathogenesis of OHSS is thought to be related to excess production of vasoactive mediators from the ovaries, principally vascular endothelial growth factor (VEGF), which leads to increased vascular permeability [11, 12] . As a result, there is extravasation of fluid from the intravascular compartment which leads to third spacing and hemo-concentration that can precipitate hypercoagulability and reduced end-organ perfusion [13, 14] . Human chorionic gonadotropin (hCG), used to trigger final oocyte maturation in IVF, plays a key role in the development of OHSS. This causal relationship is based on findings that the syndrome does not develop when hCG is withheld and that increased dose exposure is associated with a higher OHSS risk [15] . The pathophysiology is likely due to the longer half-life of hCG compared to endogenous luteinizing hormone (LH) (approximately 24 h vs. 60 min, respectively) coupled with its higher affinity for LH receptors and increased intracellular effect permitting prolonged LH activity [16] [17] [18] [19] [20] . This results in increased vasoactive substances that mediate many of the pathological changes that occur in OHSS [21, 22] .
Many different strategies have been described to circumvent the risk of OHSS, including cycle cancellation [23] , coasting [24] , instituting a Bfreeze-all^policy [25] , posttrigger administration of dopamine agonists [26] , intravenous albumin administration [27] , and very commonly, modifying the ovulation trigger [28] [29] [30] . Given the higher potency of hCG, one common approach is lowering the standard trigger dose of 10,000 international units (IU) of urinary hCG [31, 32] . However, the lowest effective hCG dose is unknown. Older studies have postulated that doses of 2000 IU or lower could compromise IVF outcomes [31] . Another trigger alternative is to completely eliminate the use of exogenous hCG and administer gonadotropin-releasing hormone agonist (GnRHa) to induce an endogenous gonadotropin surge [28, 33] . Although its use has demonstrated a significant decrease in OHSS compared to hCG [34] , GnRHa cannot be used in downregulated stimulation cycles or in patients with hypothalamic dysfunction. Furthermore, there is a small but clinically important risk of GnRHa trigger failure in normo-ovulatory patients [35] [36] [37] [38] , which has hindered the universal adoption of the GnRHa trigger to prevent OHSS.
We hypothesized that mimicking the naturally occurring FSH surge during the LH surge with a 450 IU FSH cotrigger may potentiate hCG activity [39] [40] [41] [42] [43] [44] [45] [46] , allowing a lower hCG trigger dose of 1500 IU to be effectively utilized to reduce OHSS risk while not compromising IVF outcomes compared to alternative risk-reducing triggers. In the present study, we assessed OHSS risk, IVF outcomes, and pregnancy outcomes in patients at high risk for OHSS, defined by a serum estradiol (E 2 ) level > 5000 pg/ml on the day of trigger, who received either one of three conventional alternative triggers (3300 IU of hCG, GnRHa alone, or GnRHa plus 1500 IU of hCG) or a novel trigger composed of 1500 IU of urinary hCG plus 450 IU of FSH.
Materials and methods
This retrospective cohort study evaluated women undergoing IVF treatment at the Center for Reproductive Health at the University of California, San Francisco (UCSF), between January 2008 and February 2016. We reviewed autologous and donor IVF cycles plus elective oocyte cryopreservation cycles that were determined to be at high risk of developing severe OHSS based on a serum E 2 level > 5000 pg/ml on the day of trigger. Subjects received one of three conventional alternative trigger strategies or the novel trigger, as outlined above, to reduce the OHSS risk. The inclusion criteria were adapted from a prediction model using a threshold E 2 > 5000 pg/ml and > 18 follicles counted on trigger day to predict patients with an 83% sensitivity and 84% specificity for developing severe OHSS in GnRH antagonist cycles triggered with a standard dose of hCG [47] . Although the number of follicles counted on trigger day was not part of our inclusion criteria, the average number was 33.5 among all groups. Both down-regulated and GnRH antagonist stimulation protocols were included. Patients who underwent Bcoasting^to decrease OHSS risk were excluded from the study. This study was reviewed and approved by the UCSF Internal Review Board.
Patients underwent controlled ovarian stimulation with exogenous gonadotropins. The initial starting gonadotropin dose was based on the patient's age, BMI, and baseline AFC. Final oocyte maturation was triggered when adequate follicular development was achieved per standard of care. In general, all patients were triggered when two lead follicles measured 18 mm or greater and the general cohort of follicles measured greater than 13 mm, with consideration of the cycle day and the serum E 2 level. The triggers administered were (a) 1500 IU of urinary hCG plus 450 IU of purified or recombinant FSH (novel trigger), (b) 3300 IU of urinary hCG, (c) GnRHa only (4 mg of leuprolide acetate), or (d) GnRHa plus 1500 IU of urinary hCG. Patients using a GnRHa trigger with suspicion for potential hypothalamic dysfunction received a supplemental low-dose hCG co-trigger to overcome potential GnRHa trigger failure. Patients on down-regulated protocols were only candidates for 3300 IU of hCG or the novel trigger. Triggers were selected at the discretion of the clinician, largely based on the risk for OHSS.
Oocyte retrieval was performed under ultrasound guidance 36 h after trigger administration. Oocytes were either fertilized by conventional insemination or, if indicated, by intracytoplasmic sperm injection (ICSI). Oocyte maturity was assessed after cumulus cell stripping in patients undergoing ICSI or elective oocyte cryopreservation. Fertilization was assessed 18 h after insemination or sperm injection. Embryos were cultured in sequential media to cleavage or blastocyst stage based on institutional laboratory criteria. Embryo morphology was assessed using standardized institutional grading. Due to the high OHSS risk, most autologous cycles underwent a Bfreezeall^followed by a subsequent frozen embryo transfer.
Patient's age, BMI, baseline AFC, total gonadotropin dose, serum E 2 level, and number of follicles counted on trigger day were extracted from the electronic medical record. Laboratory parameters, embryo quality, and pregnancy outcomes were also collected.
Outcomes
The primary outcome was development of OHSS symptoms. We assessed the number of patients presenting with OHSSrelated symptoms with or without a formal OHSS diagnosis in the medical record. In patients formally diagnosed with OHSS, the syndrome was stratified by mild, moderate, or severe symptoms [9] . For patients without a formal OHSS diagnosis, their OHSS-related symptomatology was explicitly documented in the medical record by a medical provider. To decrease selection bias, the medical encounters reviewed were initiated by the patient specifically for assessment of OHSSrelated symptoms. The reported symptoms considered to be OHSS-related were moderate to severe abdominal bloating, persistent nausea or vomiting, and/or significant dyspnea. Factors considered potential confounders for development of OHSS were serum E 2 and the number of follicles counted on trigger day.
Secondary outcomes included oocyte recovery rate, oocyte maturity rate, total fertilization proportion, ICSI fertilization rate, ratio of good-quality embryos, and ongoing pregnancy rate. Oocyte recovery rate was defined as the number of oocytes retrieved divided by the number of follicles counted on trigger day measuring > 10 mm in size. A size cut-off of 10 mm in diameter was selected based on previous data demonstrating a low oocyte recovery rate from small follicles [48, 49] . Maturity rate was determined by the number of metaphase 2 oocytes (MII) divided by the number of oocytes retrieved and was only assessed in patients undergoing ICSI or elective oocyte cryopreservation. Total fertilization proportion was defined by the number of 2 pro-nuclei embryos (2PN) at fertilization check divided by the number of oocytes retrieved. ICSI fertilization rate was the number of 2PN divided by the number of MII. The ratio of good-quality embryos was calculated by the number of good-quality embryos divided by the number of 2PN. Goodquality cleavage stage embryos were defined by having a cell number of 7 to 10 and < 10% of the volume of the embryo was occupied by cell fragmentation based on a modified Veeck's grading system [50] . Based on the Gardner grading system, good-quality blastocysts were defined as having an expansion grade of 3 or higher, plus an inner cell mass and trophoectoderm grade of A or B [51] . Maternal age was regarded as a potential effect modifier on embryo quality. Ongoing pregnancy rate was defined by the number of live births or pregnancies beyond 20 weeks of gestational age at the time of analysis divided by the number of embryo transfer cycles. Factors considered potential effect modifiers on pregnancy outcomes were maternal age and the number of embryos transferred.
Statistical analysis
Baseline demographics, cycle characteristics, oocyte recovery, oocyte maturity, and fertilization rate were compared among all trigger groups using one-way analysis of variance. Logistic regression, controlling for serum E 2 and number of follicles counted on trigger day, was used to define an association between a trigger group and development of OHSS. Embryo quality was compared among all triggers using the KruskalWallis test. A separate analysis was done comparing embryo quality, after adjusting for age, using a linear regression model. Pregnancy outcomes were compared, after adjusting for age and number of embryos transferred, using logistic regression. Pregnancy outcomes from donor oocyte cycles were adjusted only for the number of embryos transferred, while cumulative pregnancy rates per retrieval were adjusted for age only. Statistical significance was defined as a two-tailed p value < 0.05. All analyses were performed using R version 3.1.2 (R Foundation for Statistical Computing, Vienna, Austria). No missing data were encountered.
Results
Two hundred ninety-eight cycles met criteria to be included in this study. Of those cycles, 183 were autologous, 65 were donor, and 50 were elective oocyte cryopreservation cycles. Among the 298 IVF cycles, 39 received the novel trigger of 1500 IU of hCG plus 450 IU of FSH, 123 received 3300 IU of hCG, 88 received GnRHa plus 1500 IU of hCG, and 48 received GnRHa only. One trigger failure occurred in the GnRHa plus 1500 IU of hCG group and three occurred in the GnRHa only group. Two of the failed triggers, both belonging to GnRHa only group, were re-triggered with hCG.
Baseline demographic and cycle characteristics are presented in Table 1 . While there were no differences in BMI among all groups, statistically significant differences were found in age, baseline AFC, total gonadotropin dose, serum E 2 , and number of follicles counted on trigger day. In a pairwise comparison, patients that received the low-dose hCG plus FSH trigger were significantly older than the GnRH agonist only and the GnRH agonist plus 1500 hCG groups. Patients that received the 3300 IU hCG trigger had a significantly lower baseline AFC compared to patients in the GnRHa only and the GnRHa plus 1500 hCG groups. The average gonadotropin dose administered in the novel trigger group was significantly higher compared to all the other groups. Patients in the 3300 IU hCG trigger group had a significantly lower E 2 on trigger day when compared to the GnRHa only group. Last, the mean number of follicles counted on trigger day was significantly greater in the GnRHa only group compared to all groups, and the 3300 IU hCG group had significantly fewer follicles than the GnRHa plus 1500 hCG group.
In all, 70 (22.9%) patients presented with OHSS-related symptoms, with or without a formal diagnosis. The most commonly reported symptoms were abdominal bloating and persistent nausea. Of the 38 (12.7%) patients formally diagnosed with OHSS, 22 (7.4%) had mild OHSS, 12 (4.0%) had moderate OHSS, and 4 (1.3%) were diagnosed with severe OHSS. The number of patients with OHSS-related symptoms or an OHSS diagnosis stratified by trigger strategy is presented in Table 2 . The moderate and severe symptoms experienced by the two patients in the GnRHa only group were provoked by administration of a second trigger using hCG after failing to respond to the initial GnRHa. The patient with moderate OHSS was re-triggered with 2000 IU of hCG while the patient with severe OHSS received 3300 IU.
After controlling for serum E 2 and number of follicles counted on trigger day, receiving 3300 IU of hCG rather than the novel trigger was associated with a 6.02 times increased odds of having any OHSS-related symptoms with or without a diagnosis [95% confidence interval (CI) 1.9 to 27.2]. Similarly, compared to the novel trigger, receiving the GnRHa plus 1500 IU of hCG trigger was associated with a 3.9 times increased odds of having OHSS-related symptoms (95% CI 1.2 to 17.9). Focusing only on the development of mild, moderate, or severe OHSS, there was a trend toward statistical significance of an increased odds after receiving 3300 IU hCG [odds ratio (OR) 4.2, 95% CI 1.008 to 29.8] or GnRHa plus 1500 IU of hCG trigger (OR 3.1, 95% CI 0.72 to 21.6) compared to the novel trigger. In a subanalysis restricted to down-regulated cycles (n = 117), in which a risk-reduction alternative trigger was limited to an hCG-based trigger, there was a statistically significant increased odds of having OHSS-related symptoms in patients triggered with 3300 IU hCG compared to the novel trigger (OR 10.3, 95% CI 1.8 to 201.0). Only a trend toward statistical significance was observed when the outcome was defined as the development of mild, moderate, or severe OHSS (OR 4.4, 95% CI 0.7 to 95.8).
Laboratory outcomes are presented in Table 3 . Excluding cycles with a failed trigger, all cycles resulted in successful retrieval of oocytes. While there was a significant difference in oocyte recovery, there was no difference in maturation among all triggers. The novel trigger group had a significantly lower number of oocytes retrieved compared to the GnRHa only and the GnRHa plus 1500 IU hCG trigger groups, but not when compared to those triggered with 3300 IU of hCG. However, the number of follicles counted on trigger day usually correlates with the number of oocytes retrieved, but follicle number was significantly different among the trigger groups (Table 1) . Therefore, oocyte recovery rate is a more equivalent parameter. In a pairwise comparison, the novel trigger group had a significantly lower oocyte recovery rate compared to the 3300 IU hCG trigger group but not when compared to the other alternative triggers. Regarding fertilization outcomes, there were no differences among the triggers. A comparison of embryo quality is presented in Table 4 . A separate age-adjusted linear regression analysis also revealed no difference (p < 0.05) in embryo quality among all triggers (data not shown).
Due to the high OHSS risk in this population, only 45 patients received a fresh autologous embryo transfer, while most underwent embryo cryopreservation followed by a subsequent frozen embryo transfer. Among those 45 patients, 36 (80%) were triggered with 3300 IU of hCG. Within the 65 donor cycles, there were 59 fresh recipient embryo transfers. Blastocysts were transferred in 55.6% of autologous fresh cycles and in 79.7% of donor-recipient fresh transfers. There was a total of 284 subsequent autologous and donor- Table 5 . Within autologous cycles, analysis was limited to blastocyst frozen transfers without PGS, as this represented the largest subgroup. Initial outcome assessment included all transfers performed within this treatment cohort, followed by a separate analysis of the pregnancy outcomes of only the first embryo transfer to exclude the confounding effect of repeated patients. After adjusting for age and number of embryos transferred using logistic regression, there was no difference in ongoing pregnancy rates among all trigger groups. No difference in outcomes was also observed if only the first transfer performed was included in the analysis. Within donor cycles, pregnancy outcomes from fresh blastocyst transfers were analyzed, as this represented the largest cohort. Using logistic regression models to adjust for the number of embryos transferred, the ongoing pregnancy rate was not significantly different among the triggers. In addition, the cumulative ongoing pregnancy rate per retrieval for both autologous and donor cycles was not significantly different after adjusting for age.
Discussion
In this retrospective cohort study, a novel trigger using 1500 IU of hCG plus 450 IU of FSH, developed as a universal alternative for high-risk OHSS patients, demonstrated similar Excludes patients that were re-triggered with hCG due to initial failed response to GnRHa-only trigger IVF and pregnancy outcomes compared to conventionally used alternative triggers, and potentially decreased the risk of developing OHSS symptoms. These findings suggest that this novel trigger is superior to other alternative triggers containing hCG and provides a viable alternative to reduce the risk of OHSS in cases where a GnRHa trigger is not an option or has a high risk of failure. Modification of the standard trigger medication used to induce final oocyte maturation is one major strategy employed to decrease the risk of OHSS. The use of a GnRHa trigger to induce an endogenous LH surge has been widely accepted to effectively mitigate the risk of OHSS by avoiding hCG, the main player in the pathogenesis of OHSS. Nonetheless, certain clinical scenarios precluding its use (i.e., down-regulated protocols and hypothalamic dysfunction) and the occasional insufficient pituitary response in normo-ovulatory patients limit the ability of the GnRHa trigger to completely eliminate the use of exogenous hCG [35] . In an effort to overcome this clinically relevant shortcoming, we strived to develop a comparable risk-reducing novel trigger that can be used in clinical situations where hCG cannot be avoided. To our knowledge, this is the first study to present the successful use of 1500 IU of hCG plus 450 IU of FSH to induce oocyte maturation in patients undergoing IVF.
Human chorionic gonadotropin has a high degree of homology to LH, allowing it to function as a surrogate for the midcycle surge in assisted reproductive technologies. However, given the higher biopotency of hCG, the standard hCG trigger dose of 10,000 IU used in IVF leads to a significantly higher post-trigger LH activity compared to the natural LH surge [18] . Furthermore, its longer half-life and higher affinity for LH receptors additionally augments and prolongs its bioactivity [16, 18, 19, 52] . Understanding the causal relationship between LH activity and OHSS, several studies in women undergoing IVF have attempted to find the lowest effective hCG dose that adequately promotes oocyte maturation. Interestingly, several mammalian studies investigating the varying LH threshold of different ovulatory events have found that lower LH activity is necessary for nuclear maturation compared to luteinization and follicular rupture [53] [54] [55] [56] [57] . For example, evidence in rats Values are expressed as a ratio of the number of good-quality embryos divided by the number of 2 pro-nuclei (standard deviation)
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IU international units, hCG human chorionic gonadotropin, FSH follicle-stimulating hormone, GnRHa gonadotropin-releasing hormone agonist, FET frozen embryo transfer, PGS pre-implantation genetic screening, CI confidence interval a Logistic regression model adjusted for age and number of embryos transferred b Logistic regression model adjusted for number of embryos transferred only c Logistic regression model adjusted for age only reveals that only 5% of the mid-cycle surge is required for oocyte maturation compared to 85% that is required for ovulation [58] . These findings suggest that standard doses of hCG may be in excess for what is required to achieve oocyte maturation, the primary goal in IVF. Among studies investigating the lowest effective dose of hCG in high-risk OHSS patients, triggering with 2500 IU of hCG reported low to absent OHSS and successful retrieval of mature fertilizable oocytes resulting in viable pregnancies [59, 60] . Compared to the standard hCG dose, one study did note a trend toward a lower oocyte recovery, maturity, and fertilization rate in the 2500 IU trigger group, but also a trend toward increased implantation and ongoing pregnancy rate [60] . A study reporting outcomes on 231 cycles triggered with 2000 IU of hCG found that 11.7% had no oocytes retrieved [61] . Similarly, an older randomized study comparing 2000 IU to the standard 5000 and 10,000 IU hCG dose in normal responders observed that a significantly higher number of patients receiving 2000 IU had no oocytes recovered after laparoscopic retrieval (22.7% vs. 4.5% and 1.9%, respectively) [31] . The authors concluded that different follicles and/or patients may have a variable dose threshold to hCG as the number of oocytes retrieved and fertilization rates did not differ after a successful retrieval. In contrast, two studies also triggering with 2000 IU did not report any failed retrievals [62, 63] . A case report describing two patients who inadvertently injected 1000 IU of hCG instead of the standard trigger dose found that although one patient had a failed retrieval, the other was successful and resulted in a viable pregnancy [64] . Although the lowest effective hCG trigger dose is yet to be determined, these findings overall demonstrate that much lower doses compared to the standard hCG dose can promote oocyte maturity, retrieval, fertilization, and pregnancy. Nevertheless, the occasional oocyte recovery failures reported in the studies triggering with 1000 and 2000 IU of hCG led us to be apprehensive about developing a novel trigger using 1500 IU of hCG alone. This concern led us to examine ways to potentiate the hCG effect without having to increase the dose.
During the natural cycle, a concomitant LH and FSH surge occurs to induce ovulation [39] . A specific role for the FSH surge is not well understood; nonetheless, FSH has been shown to induce LH receptors on luteinizing granulosa cells [40] , promote resumption of oocyte meiosis [41, 65, 66] , and stimulate plasminogen activator activity for follicular rupture [67] . Furthermore, a bolus of FSH has been shown to independently induce ovulation in rodents and macaques [42] [43] [44] [45] . Similar findings were also reported in humans after a patient undergoing IVF inadvertently self-administered a bolus of FSH instead of hCG [68] . Its biological importance can be further postulated after a randomized study found significantly higher oocyte recovery and fertilization with the addition of a 450 IU FSH bolus to the standard hCG trigger dose [46] .
Mounting evidence for the potential ovulatory role of the FSH surge suggests that the addition of an FSH bolus to a very low dose of hCG may potentiate the LH effects required to induce ovulatory events. By combining the existing data, we designed a novel trigger of 1500 IU of hCG with the addition of 450 IU of FSH to theoretically potentiate the hCG effect and overcome the risk of failed final oocyte maturation while decreasing the OHSS risk.
In contrast to previous studies reporting a failure to retrieve any oocytes in a subset of patients receiving only 1000 to 2000 IU of hCG [31, 61, 64] , all patients receiving the novel trigger in our current study underwent successful oocyte retrieval. Notably, the mean post-trigger hCG serum level in patients receiving the novel trigger was 40.5 IU/l and ranged from 18.9 to 64.03 IU/l. Serum laboratories were drawn on average 12 h post-trigger. Except for a lower oocyte recovery rate compared to the 3300 IU hCG trigger, the novel trigger did not significantly differ in any other IVF outcomes compared to the other alternative triggers. As previously hypothesized [31] , the lower oocyte recovery rate observed may be reflective of a size-dependent follicular response to a decreased LH activity necessary to induce oocyte-cumulus complex detachment from the follicular wall facilitating aspiration. Since the size of follicles resulting in recovered oocytes was not recorded, it is not possible to make any definitive conclusions about the ability to successfully aspirate an oocyte based on the follicular size. The total and ICSI fertilization rate of the novel trigger was the same compared to all other trigger groups, demonstrating that such a low dose of hCG potentiated by FSH allows adequate cytoplasmic maturation for normal fertilization to occur. Overall, use of this novel trigger results in similar laboratory outcomes compared to conventionally utilized alternative triggers used in high-risk OHSS patients.
Due to the high risk of OHSS, most patients did not receive an autologous fresh transfer and underwent a Bfreeze-all^for their safety. However, there were a total of four autologous fresh embryo transfers in the novel trigger group resulting in two live births and no development of OHSS. The luteal support used for all four fresh embryo transfers was intramuscular progesterone in oil and oral micronized estradiol. Moreover, the live births arising from frozen embryos further demonstrate that the novel trigger has the ability to induce appropriate oocyte competence to promote normal embryo development resulting in a live birth. An earlier study noting a trend toward increased ongoing pregnancy rate in patients triggered with 2500 IU of hCG compared to 5000 and 10,000 IU hypothesized a potential beneficial effect of lowering the hCG dose and simulating a more physiologic natural surge [60] . In parallel, although not significant, the pregnancy outcomes in the autologous frozen transfer cycles were higher in the novel trigger group compared to the 3300 IU hCG trigger and the GnRHa only trigger groups (66.7% vs. 40.0% and 26.7%, respectively).
With the advent of the GnRHa trigger to induce an endogenous LH surge, clinicians can avoid the use of any hCG [28, 69, 70] . While the widespread use of a GnRHa trigger has largely eliminated the development of OHSS in many IVF centers [34, 71, 72] , similar to other reports [73] [74] [75] , four patients in our highrisk cohort were diagnosed with OHSS after triggering with GnRHa. One major downside of the GnRHa trigger is its inability to induce an endogenous LH surge in down-regulated stimulation cycles or in patients with hypothalamic dysfunction. In contrast, 1500 IU of hCG plus FSH trigger can be utilized to induce oocyte maturation across all stimulations. Furthermore, the occasional failure of the GnRHa to elicit an endogenous LH surge in normo-ovulatory patients is of particular concern due to the high risk of developing severe OHSS if a subsequent hCG trigger is administered [76] . There were a total of four patients in our study that failed to respond to the GnRHa trigger, despite reporting a history of regular menstrual cycles. Unsurprisingly, the two patients that were re-triggered with hCG (2000 to 3300 IU) subsequently developed moderate to severe OHSS. The limited ability to conclusively identify all the patients with inadequate pituitary LH stores [35, 37, 38, 77] has consequently prompted the practice of adding 1500 IU hCG co-trigger to the GnRHa trigger to avoid trigger failure [78, 79] . However, the addition of an hCG co-trigger is not without risk of OHSS [80] .
Although not statistically significant, here we demonstrated that a higher percentage of patients using an hCG co-trigger developed OHSS compared to the novel trigger (15.9% vs. 5.1%) despite having similar serum estradiol and follicle number on trigger day-markers often used to assess pre-trigger OHSS risk. Even though the administered hCG dose is the same in both triggers, the increased OHSS symptoms may be due to a higher cumulative LH activity induced by the GnRHa plus the hCG co-trigger. In parallel, the odds ratio of developing OHSS-related symptoms among those receiving 3300 IU of hCG was significantly higher when compared to receiving the novel trigger despite having a lower E 2 and follicle number on trigger day. These findings are compatible with previous studies noting that 3300 IU of hCG does not decrease the risk of OHSS compared to standard hCG dosing [81] . Our study demonstrates that the novel trigger can potentially be used to circumvent the development of OHSS when the use of the GnRHa trigger is not an option.
This study has important limitations. The average BMI in all trigger groups was within normal limits, ranging from 21.9 to 23.0, and did not differ between groups. However, since BMI can potentially affect the pharmacokinetics of medications, we cannot assess if the low-dose hCG plus FSH would be sufficient to induce adequate oocyte maturation in patients with an elevated BMI, as the highest BMI in patients who received the novel trigger was 27.4. Selection bias could exist between the trigger groups as serum E 2 levels and follicles counted, markers of pre-trigger OHSS risk, may heavily impact clinical management. For example, patients triggered with 3300 IU had a significantly lower baseline AFC, lower serum estradiol, and less number of follicles on the day of trigger compared to patients receiving the GnRHa-based trigger. The non-random trigger selection in our study may lead to significant differences in variables that may influence the outcome. Furthermore, the heterogeneity of the protocols and treatments included is another weakness of the study. Unfortunately, the ability to carry out a large prospective randomized clinical trial to assess the best trigger alternative in patients at highest risk for severe OHSS would be difficult given the overall low prevalence of severe symptoms [10] . Also, while we postulate that 450 IU of FSH helped to potentiate oocyte maturity in the 1500 IU hCG group, we did not compare this group to 1500 IU of hCG alone, so the precise role of FSH remains to be elucidated in future research.
Another limitation is the possibility of under-reporting the incidence of mild and moderate OHSS in this study cohort, as the diagnosis of OHSS was determined after the patient initiated the medical encounter. However, there are two major ways the impact of this limitation is reduced. First, all patients undergoing ovarian stimulation are educated about the signs and symptoms of OHSS during the required IVF orientation and consent signing consult. Patients who are considered to be very high risk for OHSS pre-trigger, such as patients included in this study, are further warned about the high likelihood of developing OHSS and instructed to closely monitor signs and symptoms. Second, all patients undergoing an oocyte retrieval receive a telephone call 1 to 3 days post-procedure by one of our nurses to report on the IVF laboratory outcome of their cycle and to follow up on the patient's clinical status. During this phone call, the patient can report symptoms suspicious of a complication that will initiate a medical encounter with a physician or nurse practitioner. A future prospective study can avoid under-reporting of OHSS incidence by requiring that all patients have a post-retrieval medical evaluation.
Conclusion
Our results suggest that a novel trigger using 1500 IU of hCG plus 450 IU of FSH, developed as an alternative strategy to mitigate OHSS, is capable of reactivating oocyte meiosis and promoting cytoplasmic maturation changes leading to mature and fertilizable oocytes capable of normal embryonic development resulting in a live birth. Most importantly, this novel trigger may provide a superior alternative in down-regulated cycles and in patients with hypothalamic dysfunction where alternative trigger strategies to circumvent OHSS are limited to hCG.
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